INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) of unknown etiology, characterized by a chronic inflammatory state of the colonic mucosa. Epidemiological studies have suggested that genetic susceptibility may make a significant contribution to the etiology of this disease (1) (2) (3) (4) . UC is associated with an increased risk for colorectal cancer that is directly related to both the duration and extent of the disease (5, 6) .
Chromosome instability, an endpoint of genomic instability, provides a predisposing background to malignancy, contributing to an increased rate of genetic changes suggested to be crucial in multistep carcinogenesis (7) . Spontaneous chromosome aberrations (CA) in peripheral blood lymphocytes (PBLs) have been used to investigate cancer risk (8) . The conceptual basis for this biomarker has been the hypothesis that the extent of genetic damage in PBLs reflects similar events in the precursor cells for carcinogenic processes in the target tissues (9) . An overall increase in stable and unstable aberrations, including chromatid and chromosome breaks, has been detected in lymphocytes from patients who are affected by or genetically predisposed to colorectal cancer (10) , in malignant diseases (11, 12) , and in cancer-predisposing conditions such as celiac disease (13) . Particularly, a recent multicentric study has demonstrated the value of the frequency of CA in PBLs from healthy individuals as a biomarker for cancer risk (9) . Besides CA, the analysis of sister chromatid exchanges (SCE), defined as symmetrical exchanges between sister chromatids, in PBLs has been used as indicator of chromosomal damage. Different authors have reported high frequencies of SCE in patients with different neoplastic and preneoplastic conditions (14 -19) .
A recently introduced parameter to evaluate chromosome instability is the analysis of telomeric associations (TAS) (20, 21) , a cytogenetic phenomenon in which the telomeres of a single chromosome or two distinct chromosomes are associated with minimal or no loss of material from either chromosome end (22) . The mechanisms that cause telomeric associations are still unknown, but it has been reported that these could be consequence of a failure in the telomerase activity in charge of telomere replication. Deregulation in telomerase may participate in cellular immortality and oncogenesis (23).
The aim of this study was to analyze chromosome instability by assessing TAS, CA, and SCE in patients with UC. Increased frequencies of these parameters were found, demonstrating the presence of an unstable genome in these patients that could be associated with the cancer predisposition observed in UC.
MATERIALS AND METHODS

Subjects
Chromosome studies were performed in 20 untreated patients with UC: nine female and 11 male, mean age 40.3 yr (range 16 -66 yr), with a mean time of evolution of 8.8 months (range 1-24 months). A total of 24 healthy individuals, four female and 20 male, mean age 37.5 yr (range 23-50 yr) were also studied. Diagnosis of UC was performed using conventional clinical, endoscopic, and histological criteria. Exposure to smoking, alcohol, or any type of drug during the last 6 months was an exclusion criterion, as well as the presence of associated diseases. Clinical and endoscopic records as well as biopsy specimens of referred patients were reviewed to confirm the diagnosis. Disease extent and activity were evaluated by colonoscopy and histology simultaneously with blood sample collection for the cytogenetic analysis. Patients were classified according to disease extension into seven distal (cases 1-7), six leftsided (cases 8 -13) , and seven extensive cases (cases 14 -20) (Table 1) . A modification of the Disease Activity Index (DAI) (24) including total colonoscopy instead of sigmoidoscopy was used to categorize UC activity as severe ϭ DAI Ͼ9 points (n ϭ 4), moderate ϭ scores between 4 and 8 (n ϭ 12), and mild ϭ scores Ͻ4 points (n ϭ 4) ( Table 1) .
TAS and CA Analysis
TAS and CA were analyzed in peripheral blood lymphocytes cultured for 72 h at 37°C in F-10 medium supplemented with 15% fetal calf serum and 0.1 g/ml of phytohemagglutinine. Cultures were exposed to Colcemid (0.1 g/ml) for 1 h followed by hypotonic treatment with KCl 0.075 mol/L at 37°C for 20 min and repeated fixations in methanol/acetic acid (3:1). Slides were air-dried and stained with 10% Giemsa solution. Each slide was given an identification number that allowed a blind procedure for scoring. For each individual, 100 Giemsa-stained metaphases were analyzed by a single microscopist to record the presence of TAS and CA following the International System for Human Cytogenetic Nomenclature (25) . TAS were classified in single chromatid (S-S) and double chromatid (D-D) according to Pathak et al. (26) . After destaining the slides, sequential G-banding (27) was performed.
SCE and Cell Cycle Kinetics Studies
Cultures for SCE and cell cycle kinetics analysis were done separately with 10 g/ml bromodeoxyuridine (BrdU), in total darkness. The air-dried chromosome preparations were processed by the modified fluorescence plus Giemsa technique (28) . For SCE studies, 30 -50-second-division metaphases with 46 chromosomes were analyzed blind, as described for TAS and CA analysis. For cell cycle studies, 100 metaphases were examined and the replication index (RI) was calculated according to Schneider's formula (29) . Each metaphase was classified as being in the first division in vitro (M 1 ) (all darkly stained), in the second (M 2 ) (harlequin stained) or third and further (M 3 ϩ) (approximately onequarter darkly and three-quarters lightly stained chromatids).
Statistical Analysis
The differences between the mean TAS, CA, and SCE frequencies in UC patients and control group were evaluated by Kruskal-Wallis Test. The analysis of the distribution of breakpoints was made using the formula proposed by Brögger (30) , working at a level of significance of 0.001. Bands nonrandomly affected were correlated with the chromosomal location of fragile sites, oncogenes, tumor supressor genes, and breakpoints associated with cancer rearrangements. Statistical analysis of these correlations was made by the proportion test.
RESULTS
The individual data for TAS and CA from controls and UC patients are summarized in Table 2 . Both controls and UC patients did not show differences when gender groups were compared. The mean frequency of TAS and the percentage of cells with TAS were significantly increased in UC patients compared to controls (p Ͻ 0.001). The predominant type of TAS observed in UC group was simple chromatid (94.98%). In controls, all TAS were S-S. Involvement of (Fig. 1) . The statistical analysis of breakpoints distribution using the Brögger's formula showed that any band with three or more lesions was nonrandomly damaged (p Ͻ 0.004). In this way, seven nonrandom bands significantly affected were found (Table 4) . These bands were correlated with the chromosomal location of specific genomic points described in the literature (31) (32) (33) . Most bands (6/7, 85.7%) coincided with cancer breakpoints (p Ͻ 0.003), 50% of them corresponding with colorectal carcinoma rearrangements. In addition, 71.4% of bands coincided with fragile site locations (p Ͻ 0.05), 57.1% were detected in regions where oncogenes map, and 42.9% were coincident with tumor supressor gene location or loss of heterozygosity regions, 66.6% of them being related to colorectal cancer development (Table 4) . On the other hand, in healthy individuals, only 16 CA located on 14 bands were found. No specific affected bands were observed in this group.
Furthermore, terminal bands corresponding to those five telomeres more involved in TAS were also correlated with specific points previously described (Table 4) . Most bands (4/5, 80%), coincided with cancer breakpoints (p Ͻ 0.03), 75% of them being associated with colorectal carcinoma rearrangements; 60% of bands were detected in oncogene mapping points and 40% coincided with fragile sites location. Only one band (11p15) was coincident with a tumor supressor gene location.
Finally, Table 5 shows the mean frequencies of SCE, the proportion of metaphases in the first (M 1 ), second (M 2 ), and third or further (M 3 ϩ) divisions and the RI from patients and controls. SCE analysis showed significantly higher levels in UC patients with respect to healthy individuals (p Ͻ 0.006). No differences were observed in the cell cycle kinetics between patients and controls, which is reflected in the RI data.
Analyzing all data separately by gender groups, significant differences were found between healthy versus UC men and women (p Ͻ 0.001). No differences in mean values of all parameters studied were detected among the UC patient groups classified according to disease extension, disease activity, and evolution time.
DISCUSSION
In the present study we have analyzed chromosome instability in patients with UC, a disease that presents an increased risk for colorectal cancer development. Previous studies have shown genomic instability in colon mucosa (34, 35) . To our knowledge, this is the first report of chromosome instability evaluation in lymphocytes from UC patients. Our results showed significant increased frequencies of TAS, CA, and SCE, demonstrating the presence of an unstable genome in these patients. These spontaneous chromosome alterations, which affect specific genomic points that are significantly associated with colon carcinoma 
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We have shown that all of our patients exhibited TAS and most cases (95%) presented CA, whereas a few healthy individuals showed these alterations. Although previous studies have reported that short chromosome arms were more affected in TAS than long arms (36 -38), we observed similar proportions of involvement. TAS between single chromatids were the predominant type, an observation that coincides with those found in most previous reports (20, 26, 38 -40) . However, Dhaliwal et al. (1994) (37) found a major proportion of double chromatid TAS in a family with multiple congenital neoplasia. At present, the significance of a particular involvement of a certain chromosome arm and type of TAS in some tumors, and random involvement in others, remains unclear. Chromosomes 10, 11, 16, 19 , and 21 were the most frequently involved in TAS. It is interesting to point out that a similar involvement of chromosome 16 in TAS has been observed by us in patients with Crohn's disease (CD) (unpublished data). Studies have recently shown the presence of a susceptibility locus for UC and CD (IBD1) on this chromosome (4). In addition, most terminal bands particularly involved in TAS correlated with colorectal cancer breakpoints, suggesting the role of telomeric bands, sites of preferential location for retroviral oncogenes, in cancer development.
Telomeric associations have been observed in several types of neoplasia (41) , in senescent fibroblasts (42) , and in hereditary pathologies such ataxia telangiectasia (43) and Thieberge-Weissenbach syndrome (44) . Telomeric repeats (TTAGGG) n seem to be necessary for chromosome stability and, therefore, telomere loss or shortening may result in fusion events and chromosome instability (45) . Previous studies have detected an important telomere length decrease in the mucosa of long-standing UC patients (46) , which could be related to the increased frequency of TAS found in this work.
As mentioned above, we have shown increased frequencies of CA nonrandomly distributed in UC cases. Band 1p32, in which the FRA1B and some oncogenes were mapped, was the most frequently involved in CA. Other affected points such as 1p22, 5q31, and 7q32 had been observed to be participating in structural rearrangements in colorectal adenocarcinomas (32, 47) . The relationship between the presence of high CA frequency and cancer predisposition has been established in genetic disorders with cancer proneness such as chromosome instability syndromes (48) , and also in different types of neoplasia (12, 14) and cancer-predisposing conditions such as celiac disease (13) . Specific chromosome rearrangements have been detected in a large number of neoplasias (48) affecting only restricted bands and suggesting that these points might play a crucial role in tumorigenesis (47) . It is possible that cancer predisposition in UC could be related to the increased frequencies of spontaneous aberrations affecting specific chromosomal points (49) .
The SCE analysis also showed a significant increased mean values in UC patients; however, cell cycle kinetics did not exhibit any modification with respect to controls. These findings are coincident with those observed in patients with colorectal adenomatosis (50) , who also develop colon carcinoma, suggesting a relationship between chromosome instability and malignant disease evolution. Moreover, many authors have reported high SCE levels in patients with various types of neoplasias such as malignant lymphomas (15) , cutaneous malignant melanoma (16) , nasopharingeal carcinoma (17) , and breast cancer (18) . Dhillon et al. (1998) (14) have suggested a probable effect of genetic instability on normal patterns of cell proliferation. Our UC patients showed an increased SCE frequency but normal cell cycle kinetics, suggesting that chromosome instability is not necessarily related to modifications in the normal cell proliferation patterns.
Epidemiological studies have demonstrated that IBD has a complex genetic basis involving multiple molecular variants or inherited genetic factors that interact with multiple environmental factors, producing a spectrum of disease severity (51, 52) . Our results clearly indicate that UC patients exhibit chromosome instability, manifested by increased frequencies of TAS, CA, and SCE, findings that could be related to the cancer predisposition observed in this disease. These observations may contribute to a better understanding of the biological behavior of ulcerative colitis.
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